Background {#Sec1}
==========

Chronic diseases, such as heart diseases, diabetes, chronic obstructive pulmonary diseases (COPD), stroke, depression, and hypertension, are the leading cause of morbidity and premature deaths. Worldwide, out of the total causes of death, chronic diseases caused 33.7% deaths in 1990, with the number of deaths increased to about 40.3% in 2016 \[[@CR1]\]. The Institute for Health Metrics and Evaluation estimated the contribution of chronic diseases to Disability-Adjusted Life Years (DALY) at 19.8% in 2016. The global share of chronic diseases in terms of DALY has increased by 5.4% from 1990 to 2016. In India, deaths from chronic diseases increased from 23.2 to 39.9% during this same period \[[@CR1]\], with the DALY share of chronic diseases standing at 21.1% for all ages in 2016, which was higher than the global DALY share \[[@CR1]\]. Behavioral risk factors such as physical inactivity, poor nutrition, alcohol consumption, and tobacco smoking are a significant cause of chronic diseases. According to the World Health Organization (WHO), tobacco smoke causes 7.2 million deaths; alcohol causes 3.3 million; salt/sodium intake 4.1 million, and physical inactivity causes 1.6 million preventable deaths worldwide every year \[[@CR2]\]. These behavioral risk factors account for 20--30% of all causes of mortality \[[@CR2]\].

Non-communicable diseases (NCDs) caused 82% of premature (before 70 years age) deaths, which occurred in low and middle-income countries (LMICs) \[[@CR3]\]. Among NCDs, cardiovascular diseases caused the highest number of deaths (37%), followed by cancers (27%), chronic respiratory diseases (8%), diabetes (4%), and others NCDs (24%) among those under the age of 70 years \[[@CR3]\]. Many epidemiological studies have shown that chronic diseases emerge in the middle age after prolonged exposure to unhealthy lifestyle behaviors, including physical inactivity, unhealthy diet, and alcohol and tobacco consumption, all of which are considered major risk factors of chronic diseases \[[@CR4]--[@CR6]\]. The WHO (2014) estimates for India indicated that 12.1% were physically inactive, 4.3% consumed alcohol (per capita/liters), 12.9% were current tobacco smokers, 18.9% were overweight, and 3.8% were obese \[[@CR3]\]. Chronic diseases share common behavioral and metabolic risk factors \[[@CR7]--[@CR9]\]. Physical inactivity increases 20--30% risk of all causes of mortality \[[@CR10]\]. By contrast, regular physical activity reduces the risk of ischemic heart disease, diabetes, stroke, and cancer. Physical activity is a key determinant of the prevention of overweight and obesity \[[@CR11]\]. Physically inactive populations report a higher mean number of chronic diseases, especially those associated with persistent symptoms \[[@CR12]\]. A low intake of fish, fruits, and vegetables contribute to the risk of non-communicable diseases \[[@CR13]\]. Alcohol consumption significantly increases the risk of respiratory infection and hypertension \[[@CR6]\]. Alcohol consumption and physical inactivity have been found to be associated with overweight, abdominal obesity, hypertension, and hypertriglyceridemia \[[@CR5]\]. Some studies have found that alcohol consumption has both beneficial and detrimental effects on diabetes, ischemic stroke, asthma, COPD, and heart diseases, depending on the pattern and volume of drinking \[[@CR14]--[@CR17]\]. On the other hand, usual drinking has significant cardioprotective effects in both males and females \[[@CR18]\]. However, other studies indicate that alcohol consumption is associated with non-communicable diseases \[[@CR19], [@CR20]\]. A study by Bardach et al. (2017) found that alcohol drinking prevented CHD deaths but that it caused deaths from stroke \[[@CR20]\]. Body Mass Index (BMI) and waist circumference have been found to have a significant relationship with blood pressure, total cholesterol level, and high-density lipoprotein (HDL) cholesterol, all of which are risk factors for chronic heart diseases \[[@CR21]\]. Obesity has a positive association with asthma \[[@CR22]\]. Obese people having asthma experience improved lung function and better health on losing weight \[[@CR23]\]. Alcohol consumption accelerates the weight gain process among the moderate (non-daily) consumers and is associated with chronic diseases \[[@CR24]\].

A study highlighted that the prevalence of self-reported chronic diseases underestimates the actual prevalence, which varies with social gradients. The prevalence is also influenced by information collection, sample size, recall bias, and quality of data collection, which are inherent limitations of a population survey \[[@CR25]\]. Inadequate healthcare facility utilization and undiagnosed diseases are essential determinants of self-reported illnesses, which show an unequal distribution across the socioeconomic gradients. Therefore, there is a need to focus on a symptom or measured understanding of chronic diseases. Measuring chronic diseases is a big challenge in developing countries, where information systems remain poorly developed. Therefore, the use of symptom based or measured disease information may be more suitable because the lack of diagnosis or the lack of knowledge on the part of the patient minimizes the reporting bias \[[@CR25], [@CR26]\].

The literature reviewed and listed above suggests that behavioral risk factors (BRFs) are significantly associated with chronic diseases. However, the association of BRFs with the prevalence of self-reported and symptom or measured chronic disease has been poorly studied. There have been a few studies in the past on BRFs and specific chronic diseases, but they have been based on micro-level data from various pockets of India \[[@CR5], [@CR6], [@CR12]\] and, as such, are not representative of the whole country. The present study is a step forward to explore the association of BRFs with self-reported and symptom or measured chronic diseases by socioeconomic-demographic gradients. The study on Global Ageing and Adult Health Survey (SAGE) Wave-1 data for India (2007) provides information on both self-reported and symptom based or measured chronic diseases and behavioral risk factors of chronic diseases \[[@CR27]\]. This is a nationally representative survey conducted by the International Institute for Population Sciences (IIPS), Mumbai, in collaboration with the WHO, Geneva. The current study aims to analyze the distribution of BRFs among the adult population and to identify their association with the self-reported and symptom or measured chronic diseases in India.

Methods {#Sec2}
=======

The present study utilized secondary data from the Study on Global Ageing and Adult Health (SAGE), Wave 1 of India collected in 2007. The survey interviewed respondents aged 18 years and above from six nationally representative states of India, namely Assam, Karnataka, Maharashtra, Rajasthan, Uttar Pradesh, and West Bengal. A total of 12,198 participants were selected for the interview, where because of refusal, uncertainty or residents moved elsewhere, the survey includes only 11,230 participants were considered for the present analysis. For our study, we considered only participants aged 18--69 years (*n* = 9839), of whom 4670 were in the 18--49 age group and 5169 were in the 50--69 age group. The study included those aged 18--69 years for the analysis because of the high morbidity and mortality among those aged less than 70 years \[[@CR3]\]. In addition, older populations (aged 70 and above years) are less physically active due to the age factor and are more likely to experience several chronic conditions all at the same time \[[@CR11]\].

The SAGE survey made use of multistage cluster sampling. Primary Sampling Units (PSUs) were drawn through the Probability Proportional to Size (PPS) sampling design. For the rural areas, a two-stage sampling procedure was followed, whereby in the first stage, villages were taken as the PSUs, and, in the next stage, 25 households from each village were selected systematically for the interviews. For the urban areas, a three-stage sampling design was used, whereby city wards were selected as the PSUs first. Next, from each city ward, two Census Enumeration Blocks were selected. Finally, 33 households were selected from each CEB for the survey. Overall, 285 villages and 93 CEBs were selected from each of the six states of India. The details of the sampling and other procedures are available in the SAGE report \[[@CR27]\]. Face-to-face interviews were done to collect information on household and member characteristics such as education, health, health behaviors, chronic conditions, health care utilization, etc. The questions on the BRFs in the SAGE Survey followed the WHO STEPS guidelines for NCD surveillance. The SAGE Wave 2 data is not available in the public domain, so we used Wave 1 data, which provides information on major self-reported and symptom based or measured chronic diseases. The SAGE data is available in the public domain at the following link: <http://apps.who.int/healthinfo/systems/surveydata/index.php/catalog/sage/about>.

Ethics approval and consent to participate {#Sec3}
------------------------------------------

Our study analysis based on secondary dataset of Study on Global Ageing and Adult Health Survey (SAGE) Wave 1 (2007) in India. The SAGE data is available in public domain for research use and hence there is no ethical approval required for present research. The all ethical clearance and informed consent followed in SAGE Wave-1 survey and no personal identifiable information is available. Therefore, there was no requirement for ethical clearance or informed consent for this particular research work.

Outcome variables {#Sec4}
-----------------

Chronic diseases: The SAGE survey provides information on eight major chronic diseases, namely stroke, angina, diabetes mellitus, chronic lung diseases (COPD), asthma, depression, hypertension, and arthritis. For this research study, we focused on all of these chronic diseases. We followed the WHO guidelines for the analysis \[[@CR28]\]. The detailed description of the inclusion methods of the diseases is presented in Additional file [1](#MOESM1){ref-type="media"}: Table A1.

The SAGE survey asked each respondent two sets of questions on chronic conditions. The first set of questions was for self-reported chronic conditions and the second set was based on specific symptom based or measured chronic conditions.

Self-reported chronic diseases: The first set of questions asked was: "Have you ever been diagnosed with or told by a health professional that you have had a stroke, angina, diabetes mellitus, etc.?" The question was asked for each of the eight chronic diseases separately. The responses were coded as "0" for "no" and "1" for "yes" in the analysis.

Symptom or measured chronic diseases: The second set of questions was based on specific symptoms or measured health conditions. The WHO Rose Angina questionnaire was used for symptom-based assessment of angina pectoris in the SAGE study \[[@CR26], [@CR29]\]. Depression too was measured on the basis of a symptom-based assessment \[[@CR26]\]. The assessment used was the World Mental Health Survey version of the Composite International Diagnostic Interview schedule \[[@CR30]\], as part of which 18 questions on depression were posed to the respondents. COPD was identified on the basis of the performance of lung function as measured by a spirometer \[[@CR29]\]. It was calculated with consideration for the age and the actual height of the respondents. The health function was categorized into four categories coded as "0" for "mild", "1" for "moderate", "2" for "severe", and "3" for "very severe". The very severe category coded as "1" for having COPD and "0" for "having no COPD" was included in the analysis \[[@CR31]\]. Hypertension was determined based on three sitting blood pressure readings taken at one minute's interval. The individuals were categorized as hypertensive if the average systolic blood pressure (SBP) exceeded 140 mmHg and the diastolic blood pressure (DBP) exceeded 90 mmHg \[[@CR26]\]. Asthma, arthritis, and stroke were identified based on their respective symptoms. For diabetes, respondents were asked if they had high blood sugar levels and had been taking insulin for regulating their blood sugar levels. On the basis of all this information, symptom-based or measured chronic diseases were identified (Additional file [1](#MOESM1){ref-type="media"}: Table A.1).

Exposure variables {#Sec5}
------------------

Behavioral risk factors including physical activity, nutrition, alcohol consumption, and tobacco use were taken as the key exposure variables in this study.

Behavioral Risk Factors (BRFs):

Physical activity: For physical activity, the questions assessed the duration of activity (minutes and/or hours) on a typical day. The duration of activity included: i) activities at the workplace (work such as paid or unpaid work, household chores, harvesting food/crops, fishing or hunting for food, providing care, or seeking employment), ii) activities done as part of travel to and from places (for work, shopping, marketing, place of worship, etc.), and iii) leisure time or recreational physical activities (sports, fitness, leisure activity, recreational, and other activities). We followed the WHO global guidelines on physical activity for adult health, categorized as vigorous activity, moderate activity and light activity or physical inactivity \[[@CR11]\]. Vigorous activity includes individuals spending at least 75 min on a vigorously intensive activity at work, during travel, during leisure time, or in a recreational activity on a typical day. Moderate activity includes individuals spending time at least 150 min on moderately intensive activity at work, during travel, during leisure time, or in a recreational activity on a typical day. Light or physical inactivity include any activity that does not fall in the above two categories.

The SAGE questions on physical activity allow for a direct comparison with the Global Physical Activity Questionnaire (GPAQ) survey \[[@CR32]\]. The Global Physical Activity Questionnaire was developed by the WHO to measure physical activity across the work, travel, and recreational domains separately, and it is used in many countries as part of WHO STEP wise approach for non-communicable diseases surveillance \[[@CR17]\].

Information on nutritional intake was obtained using two questions that asked the respondents to describe how many separate servings of fruits and vegetables they took on a typical day. Less than 5 servings of fruits and vegetables/day was coded as "1" and defined as "inadequate intake of fruit and vegetables," and more than or equal to 5 servings of fruits and vegetables/day was coded as "2" and defined as "adequate intake of fruit and vegetables" in the analysis. For tobacco use, the survey asked the respondents whether they had ever smoked tobacco or used smokeless tobacco and whether they used any tobacco products daily. For alcohol consumption, the respondents were asked whether they had ever consumed alcohol or if they had consumed a drink that contained alcohol (such as beer, wine, spirits, etc.). The responses were coded into "0" for no and "1" for yes. The respondents were then asked how frequently (how many days) on an average they had had at least one alcoholic drink in the previous 12 months. The responses were coded as "0" for "no days", "1" for "less than once a month", "2" for "one to three days per month", "3" for "one to four days per week", and "4" for "five or more days per week". Another question posed to the respondents was: "In the last 12 months, on the days you drank alcoholic beverages, how many drinks did you have on average?" The previous two questions were used to categorize the respondents as non-drinkers, infrequent moderate drinkers (1--3 days/month with \< 2 drinks on the day), and frequent heavy drinkers (1--5 or more days/week with ≥3 drinks). Volume and pattern of drinking determine the health status of a person \[[@CR14]\]. Therefore, we included the pattern and intensity of alcohol drinking (non-drinkers, infrequent moderate drinkers, and frequent heavy drinkers) in our study. All the information collected was analyzed to assess the behavioral habits of the respondents and to determine if those habits posed as significant risk factors for chronic diseases.

Body mass index (BMI) was also included as an exposure variable because it is one of the metabolic risk factors of chronic diseases. BMI was calculated as weight in kilograms divided by the square of the height in meters (kg/m^2^) in accordance with the WHO guidelines, and was categorized as underweight (\< 18.5 kg/m^2^), normal weight (18.5--24.9 kg/m^2^), overweight (25.0--29.9 kg/m^2^), and obese (≥30 kg/m^2^).

Socioeconomic-demographic characteristics:

The socioeconomic-demographic variables included were: place of residence (rural, urban), sex (male, female), age group (18--29, 30--39, 40--49, 50--59, 60--69), and the highest level of education (no education, \<primary and primary, secondary, high school and above). The wealth index was computed based on the permanent income of the respondents and categorized as poorest, poor, middle, rich, and richest. Caste group (Scheduled Caste (SC)/Scheduled Tribe (ST), other than Scheduled Caste/Scheduled Tribe), religion (Hindu, other), religious services (never or once or twice/year/month, once or twice a week/daily) were the other variables considered for the analysis.

### Statistical analysis {#Sec6}

The prevalence of self-reported chronic diseases was calculated as the ratio of those having the diseases divided by the total surveyed sample of the study population. The prevalence of chronic diseases was defined in terms of respondents suffering from at least one of the self-reported chronic diseases. The prevalence of symptom or measured chronic diseases was calculated and defined likewise. The bi-variable analysis was carried out with socioeconomic-demographic factors associated with BRFs. The odds of the self-reported and symptom or measured chronic diseases were computed by using the logistic regression model. The adjusted odds ratio was computed separately for all self-reported and symptom or measured chronic diseases by behavioral risk factors and socioeconomic-demographic characteristics. The multi-collinearity was tested before applying the logistic regression model. National population weight was applied in the process of data analysis. The SAGE data provides household weights for household-level analysis. Individual weights for person-level analysis were based on the selection probability at each stage of respondent selection. For our analysis, we used individual weights. Individual weights were post-stratified by the six states, locality, sex, and age groups according to the 2006 projected population estimates. All the analysis was done using Stata-13 statistical software.

Results {#Sec7}
=======

Table [1](#Tab1){ref-type="table"} presents the results of behavioral risk factors by socioeconomic-demographic characteristics. The result found that 94.7% of the population had an inadequate intake of fruits and vegetables. Nearly half of the population used tobacco products (43.4%), about 17.0% consumed alcohol, and 21.6% was physically inactive. The number of adults who reported alcohol consumption, tobacco use, and inadequate intake of fruits and vegetables was more in the rural areas, whereas the number of physically inactive adults was more in the urban areas. Females were more physically active, reported more inadequate intake of fruits and vegetables, and were less engaged in alcohol and tobacco consumption. Alcohol consumption was higher in the age group of 30--44 years (21.8%), and tobacco use was more in the 60--69 years age group (56.5%). Physical inactivity was found to increase with an increase in age and was higher among the high school and above educational attainment group. Obese and overweight adults were more physically inactive; obese and underweight adults had an inadequate intake of fruit and vegetables, and underweight adults were highly engaged in alcohol and tobacco use. Physical inactivity was more in the richest quintile, whereas tobacco and alcohol consumption was more in the poorest quintile.Table 1Behavioral risk factors (BRFs) by socioeconomic-demographic characteristics among adult population (18--69 years) in India, 2007Socioeconomic-demographic characteristicsPhysical inactivityInadequate intake of fruits and vegetables^\#^Alcohol consumption^**\^**^Any tobacco useSurveyed sample (*N*)Place of residence Urban23.793.013.935.32481 Rural20.695.518.447.17358Household's religion Hindu21.194.818.642.88243 Others^+^24.094.48.947.01596Household's caste group Scheduled Caste (SC) and Scheduled Tribe (ST)18.896.525.950.52490 Other than SC/ST^++^22.594.214.141.17349Religious services Never or once or twice/year/month21.394.817.242.99279 Once or twice/week/daily25.193.313.451.9560Member's sexMale23.192.831.565.53585Female19.996.81.519.96254Age group 18--2923.395.18.625.11611 30--4417.195.121.846.2240345--5922.893.518.554.0359860--6934.995.315.356.52227Educational attainment^+++^ No education19.497.915.246.64223 \<primary & primary20.396.419.547.62558 Secondary21.693.018.441.81296 High school & above25.690.115.936.21762Body mass Index (BMI) Underweight21.596.518.251.13212 Normal weight20.994.017.241.85027 Overweight23.992.015.431.31064 Obese26.196.58.130.2362Wealth Quintile Poorest19.798.319.156.01607 Poor17.296.218.947.51854 Middle18.695.317.347.41925 Rich23.193.313.738.52260 Richest29.390.515.927.52193Total21.694.717.043.49839^\#^ The inadequate intake of fruits and vegetables includes \< 5 serving of fruits and vegetables/ day^+^ Other religion includes Islam, Jainism, Buddhism, Sikhism, Christian and other religion^++^ Other than SC/ST includes Other Backward Caste (OBC) and other caste^+++^ Educational attainments present the highest level of education completed by members^**\^**^ Alcohol consumption included ever or current drinkers that drink contain alcohol such as such as beer, wine, spirits, etc.Note: Percentage distributions presented in the table are weighted analysis, and presented surveyed sample (N) are un-weighted

The prevalence of the self-reported chronic diseases by BRFs and socioeconomic-demographic covariates result is presented in Table [2](#Tab2){ref-type="table"}. The prevalence of self-reported chronic diseases was 24.1%, and it was higher among urban residents than their rural counterparts. The disease prevalence varied for the young versus the old age, no education versus higher education, poorest versus richest, and normal weight versus overweight population. The prevalence of chronic diseases was higher among those who had BRFs of chronic diseases. For example, the prevalence of self-reported chronic diseases was higher among those who were physically inactive (28.6%), had an inadequate intake of fruits and vegetables (24.1%), and engaged in alcohol (26.2%) and tobacco consumption (26.3%) as compared to the adults with a comparatively low level of BRFs. The significant differences in the prevalence of self-reported chronic diseases by BRFs and socioeconomic and demographic characteristics are presented in (Additional file [2](#MOESM2){ref-type="media"}: Table A2).Table 2Self-reported prevalence of chronic diseases by behavioral risk factors and socioeconomic-demographic characteristics among adult population (18--69 years) in India, 2007Socioeconomic-demographic characteristicsPrevalence of self-reported chronic diseasesPhysical activityNutritionAlcohol consumption^\^^Any tobacco usePhysical inactivityVigorous activityInadequate intake of fruits and vegetables^\#^Adequate intake of fruits and vegetables ^\#\#^YesNoYesNoPlace of residence Urban25.329.722.325.620.526.125.128.723.4 Rural23.528.120.523.524.426.222.925.521.7Household's religion Hindu24.028.721.324.024.925.623.726.422.2 Others^+^24.328.319.125.012.532.123.525.723.1Household's caste group Scheduled Caste (SC) and Scheduled Tribe (ST)19.423.116.919.711.320.819.022.316.5 Other than SC/ST^++^25.630.222.525.625.129.525.027.924.0Religious services Never or once or twice/year/month23.427.820.323.423.425.323.025.721.7 Once or twice/week/daily34.440.130.135.815.344.532.934.334.6Member's sex Male23.730.919.624.020.626.222.625.221.0 Female24.425.823.224.328.126.224.430.323.0Age group 18--299.613.57.39.77.216.29.012.58.6 30--4423.428.621.123.522.222.423.723.823.0 45--5934.235.732.434.430.833.834.231.137.8 60--6943.547.537.243.544.743.543.542.544.9Educational attainment^+++^No education25.330.921.725.327.023.825.625.425.2\<primary & primary24.028.421.323.632.623.024.225.023.0Secondary23.327.619.424.212.228.122.228.419.7High school & above23.127.120.623.123.031.721.427.920.3Body mass Index (BMI)Underweight20.827.920.120.918.524.919.923.418.1Normal weight23.026.716.623.121.124.522.625.421.2Overweight39.939.141.140.632.538.340.247.036.7Obese29.527.331.228.947.346.528.134.127.6Wealth QuintilePoorest20.824.619.620.911.118.621.322.918.1Poor21.633.416.721.525.523.921.124.718.8Middle25.826.924.226.610.025.026.028.223.6Rich24.331.219.924.225.128.423.626.522.9Richest27.927.725.527.928.337.526.132.626.2Total24.128.620.924.122.826.223.626.322.3^\#^ Inadequate intake of fruit and vegetables includes \< 5 serving of fruit and vegetables/ day^\#\#^ Adequate intake of fruit and vegetables includes ≥5 serving of fruit and vegetables/ day^+\ ++\ +++^Same define as in the Table [1](#Tab1){ref-type="table"}^**\^**^Alcohol consumption included ever or current drinkers that drink contain alcohol such as beer, wine, spirits, etc.Note: Diseases prevalence (in %) presented in the table are weighted analysis

Table [3](#Tab3){ref-type="table"} presents the prevalence of symptom or measured chronic diseases by behavioral risk factors and socioeconomic-demographic characteristics. The prevalence of symptom or measured chronic diseases was 41.9%, which was higher in females. The prevalence increased with increased age and decreased with increases in the level of education of members. It was also higher among physically inactive (39.4%) adults of urban areas and among the alcohol and tobacco users (46.9% versus 45.4%) from rural areas. The highly educated population of those who consumed alcohol and tobacco products also showed a higher prevalence. Similar results were found among the overweight, obese, and the richest population groups. The significant differences in prevalence of symptom based or measured chronic diseases by BRFs and socioeconomic and demographic characteristics are presented in (Additional file [3](#MOESM3){ref-type="media"}: Table A3).Table 3Symptom or measured prevalence of chronic diseases by behavioral risk factors and socioeconomic-demographic characteristics among adult population (18--69 years) in India, 2007Socioeconomic-demographic characteristicsPrevalence of symptom or measured chronic diseasesPhysical activityNutritionAlcohol consumption^\^^Any tobacco usePhysical inactivityVigorous activityInadequate intake of fruits and vegetables^\#^Adequate intake of fruits and vegetables ^\#\#^YesNoYesNoPlace of residence Urban40.739.439.441.135.444.740.140.940.6 Rural42.436.342.242.443.246.941.445.439.7Household's religion Hindu41.737.241.941.840.446.340.744.439.7 Others^+^42.738.138.843.037.846.642.443.642.0Household's caste group Scheduled Caste (SC) and Scheduled Tribe (ST)42.134.341.742.336.148.739.747.436.6 Other than SC/ST^++^41.838.241.441.940.744.941.343.041.0Religious services Never or once or twice/year/month41.938.041.542.040.646.241.145.439.3 \`Once or twice/week/daily40.828.640.941.432.848.539.729.652.9Member's sex Male37.233.537.237.335.346.033.141.429.2 Female46.942.248.346.851.254.546.854.645.0Age group 18--2923.013.528.223.219.623.523.028.121.4 30--4441.938.141.242.137.843.741.440.243.3 45--5953.848.451.853.853.157.353.050.857.2 60--6966.665.466.766.764.566.066.765.667.9Educational attainment^+++^ No education49.345.846.649.158.843.150.448.350.2 \<primary & primary45.247.942.745.148.450.643.944.545.8 Secondary35.924.139.535.047.348.133.142.731.0 High school & above33.028.034.333.528.443.630.938.629.8Body mass Index (BMI) Underweight39.836.038.640.945.745.740.144.537.5 Normal weight41.136.741.040.036.642.339.340.039.6 Overweight56.549.660.457.842.267.354.669.850.5 Obese42.430.547.141.761.283.138.859.834.8Wealth Quintile Poorest42.543.540.642.447.846.241.742.442.6 Poor42.939.943.442.454.946.742.043.542.3 Middle43.036.142.843.631.236.344.444.841.4 Rich42.742.441.842.446.350.241.545.640.8 Richest38.328.637.938.932.453.635.446.835.1Total41.937.441.542.040.046.341.044.340.0^\#\ \#\#\ +\ ++\ +++^ Same define as in Table [1](#Tab1){ref-type="table"} and Table [2](#Tab2){ref-type="table"}^**\^**^ Alcohol consumption included ever or current drinkers that drink contain alcohol such as such as beer, wine, spirits, etc.Note: Diseases prevalence (in %) presented in the table are weighted analysis

The self-reported and symptom-based or measured chronic diseases examined in the logistic regression model are presented in Tables [4](#Tab4){ref-type="table"} and [5](#Tab5){ref-type="table"}. The regression models were run separately for each chronic disease. Table [4](#Tab4){ref-type="table"} results show that moderate physical activity was significantly less likely to be associated with self-reported depression, arthritis, and stroke, while vigorous activity was more likely to be associated with depression, COPD, and arthritis than physical inactivity. Adequate intake of fruits and vegetables was significantly less likely to be associated with angina (OR: 0.31; 95% CI: 0.16--0.60), COPD (OR: 0.22; 95% CI: 0.09--0.54), and asthma (OR: 0.20; 95% CI: 0.10--0.42), but more likely to be associated with depression (OR: 3.45; 95% CI: 1.99--5.97). Infrequent moderate and frequent heavy alcohol drinking were less likely to be associated with asthma and angina than non-drinking. Consumers of any tobacco product were four times more likely to have stroke (OR: 3.59; 95% CI: 1.07--12.13) compared to non-tobacco users. Overweight adults were significantly more likely to have hypertension, arthritis, and diabetes than normal weight adults. Likewise, obese adults were significantly more likely to have hypertension (OR: 2.30; 95% CI: 1.49--3.53). Underweight adults, on the other hand, were more likely to have COPD (OR: 2.52; 95% CI: 1.57--4.04) than normal weight adults. Females were significantly more likely to report hypertension (OR: 2.32 95% CI: 1.70--3.17) and arthritis (OR: 1.70; 95% CI: 1.27--2.27), but less likely to be report COPD (OR: 0.37; 95% CI: 0.21--0.65) and diabetes (OR: 0.40; 95% CI: 0.24--0.66) than males. Increased age was a significant factor of self-reported chronic diseases (Table [4](#Tab4){ref-type="table"}).Table 4Odds ratio of self-reported chronic diseases by behavioral risk factors and socioeconomic-demographic characteristics among adult population (18--69 years) in India, 2007Socioeconomic-demographic characteristicsSelf-reported chronic diseases (Adjusted odds ratio, 95% CIs)AnginaDepressionHypertensionCOPDArthritisAsthmaStrokeDiabetesPhysical activity Physical inactivity^@^  Moderate active1.28(0.77,2.13)0.30\*(0.18,0.50)1.09(0.80,1.48)0.74(0.42,1.29)0.68\*(0.52,0.90)1.24(0.74,2.09)0.22\*(0.09,0.54)1.36(0.76,2.45)  Vigorous active0.90(0.50,1.61)0.47\*(0.28,0.78)1.02(0.73,1.44)0.36\*(0.20,0.66)0.73\*(0.55,0.99)1.04(0.61,1.78)0.49(0.22,1.12)0.94(0.54,1.62)Nutritional status Inadequate intake^\#\ @^  Adequate intake^\#\#^0.31\*(0.16,0.60)3.45\*(1.99,5.97)0.76(0.48,1.20)0.22\*(0.09,0.54)1.24(0.78,1.96)0.20\*(0.10,0.42)0.77(0.20,2.96)0.80(0.36,1.81)Alcohol consumption^\^^ Non-drinkers^@^  Infrequent moderate drinkers0.38 (0.15,1.01)0.98(0.48,1.99)1.63(0.88,3.03)1.53(0.62,3.77)1.12(0.55,2.28)0.38\*(0.19,0.77)1.29(0.23,7.20)0.57(0.23,1.40)  Frequent heavy drinkers0.13\*(0.03,0.59)1.72(0.61,4.80)0.93(0.22,4.01)0.32(0.10,1.00)1.84(0.65,5.22)1.37(0.51,3.73)0.26(0.05,1.41)1.49(0.24,9.12)Any tobacco use No^@^  Yes1.31(0.84,2.05)1.07(0.67,1.72)1.17(0.86,1.59)1.06(0.58,1.92)1.06(0.80,1.40)0.91(0.57,1.46)3.59\*(1.07,12.13)0.93(0.58,1.47)Body mass Index Normal weight^@^  Underweight0.79(0.49,1.27)0.84(0.54,1.32)0.82(0.60,1.11)2.52\*(1.57,4.04)0.67\*(0.52,0.87)1.41(0.87,2.27)0.33\*(0.15,0.73)0.94(0.49,1.82)  Overweight1.02(0.58,1.77)1.83(0.92,3.63)1.91\*(1.32,2.75)0.28\*(0.14,0.55)2.35\*(1.68,3.28)1.29(0.55,3.03)0.84(0.27,2.59)2.79\*(1.55,5.01)  Obese0.80(0.32,1.98)0.74(0.32,1.74)2.30\*(1.49,3.53)0.93(0.28,3.03)0.87(0.51,1.49)1.82(0.60,5.58)1.66(0.29,9.61)1.70(0.95,3.05)Place of residence Urban^@^  Rural0.78(0.45,1.35)1.22(0.77,1.95)0.85(0.64,1.12)1.74(0.94,3.23)1.45\*(1.08,1.96)0.82(0.52,1.32)0.66(0.26,1.71)0.88(0.53,1.45)Member's sex Male^@^  Female1.04(0.71,1.52)0.58(0.25,1.35)2.32\*(1.70,3.17)0.37\*(0.21,0.65)1.70\*(1.27,2.27)0.59(0.34,1.03)1.53(0.64,3.69)0.40\*(0.24,0.66)Age group 18-29^@^  30--449.12\*(4.05,20.56)3.03\*(1.43,6.42)3.11\*(1.89,5.12)2.79\*(1.17,6.67)2.93\*(1.83,4.72)2.38(0.93,6.10)0.70(0.16,3.00)2.92\*(0.94,9.07)  45--597.24\*(3.28,15.98)3.44\*(1.62,7.29)6.52\*(3.93,10.83)3.63\*(1.62,8.12)5.98\*(3.75,9.54)3.48\*(1.34,9.00)0.99(0.21,4.79)5.94\*(1.94,18.2)  60--6911.84\*(5.08,27.61)3.22\*(1.46,7.10)7.80\*(4.60,13.23)3.97\*(1.74,9.05)8.89\*(5.53,14.28)7.53\*(3.01,18.86)1.76(0.31,9.95)7.91\*(2.54,24.59)Educational attainment^+++^ No education^@^  \<primary & primary0.95(0.59,1.53)1.17(0.72,1.89)0.93(0.70,1.25)1.10(0.62,1.93)1.15(0.88,1.51)0.80(0.50,1.29)1.53(0.71,3.28)1.00(0.58,1.71)  Secondary2.47\*(1.31,4.66)1.06(0.50,2.23)1.28(0.86,1.91)1.66(0.79,3.47)1.32(0.91,1.93)0.92(0.45,1.87)0.99(0.18,5.31)1.10(0.50,2.41)  High school & above1.25(0.58,2.70)1.09(0.57,2.07)1.48(0.97,2.25)1.33(0.60,2.93)0.84(0.53,1.34)1.03(0.54,1.96)0.61(0.20,1.83)1.04(0.49,2.22)Wealth Quintile Poorest^@^  Poor0.83(0.40,1.68)1.16(0.60,2.24)1.14(0.72,1.81)0.62(0.32,1.19)0.90(0.62,1.30)0.99(0.56,1.77)2.75(0.86,8.74)0.90(0.37,2.21)  Middle1.24(0.58,2.64)1.13(0.60,2.12)1.71\*(1.09,2.69)0.66(0.33,1.34)0.97(0.66,1.43)0.68(0.36,1.27)1.53(0.50,4.70)2.03(0.77,5.33)  Rich0.89(0.42,1.92)1.46(0.78,2.75)1.75\*(1.10,2.80)0.78(0.39,1.58)0.70(0.47,1.06)1.03(0.52,2.01)1.08(0.27,4.24)1.30(0.51,3.32)  Richest0.71(0.35,1.47)0.69(0.33,1.43)2.09\*(1.28,3.42)0.39(0.15,1.06)0.58\*(0.38,0.87)1.12(0.46,2.72)4.47\*(1.06,18.88)2.12(0.81,5.54)Significant at \* *p* \< 0.05, ^@^ reference categoryOther control variables are place of residence, religion, caste, and religious services^\#\ \#\#\ +++^ same define as in Table [1](#Tab1){ref-type="table"}^\^^ Infrequent moderate alcohol drinkers includes 1--3 days/month with \< 2 drinks, and frequent heavy alcohol drinkers includes 1--5 or more days/week with ≥3 drinksNote: Odds ratio presented in table are adjusted odds ratio and based on weighted analysisTable 5Odds ratio of symptom or measured chronic diseases by behavioral risk factors and socioeconomic-demographic characteristics among adult population (18--69 years) in India, 2007Socioeconomic-demographic characteristicsSymptom or measured chronic diseases (Adjusted odds ratio, 95% CIs)AnginaDepressionHypertensionCOPDArthritisAsthmaStrokeDiabetesPhysical activity Physical inactivity^@^  Moderate active1.37(0.97,1.94)1.14(0.84,1.53)1.20(0.89,1.63)1.14(0.85,1.52)1.39\*(1.06,1.82)1.75\*(1.19,2.57)0.69(0.38,1.25)1.22(0.63,2.35)  Vigorous active1.55\*(1.08,2.22)1.04(0.77,1.40)1.09(0.79,1.50)1.38\*(1.05,1.81)1.25(0.95,1.65)1.88\*(1.30,2.73)0.63(0.35,1.14)0.76(0.41,1.41)Nutritional status Inadequate intake^\#\ @^  Adequate intake^\#\#^1.29(0.66,2.55)0.90(0.53,1.51)1.07(0.63,1.81)0.54\*(0.30,0.98)1.16(0.76,1.77)0.58(0.25,1.35)1.43(0.75,2.72)0.47(0.22,1.03)Alcohol consumption^\^^ Non-drinkers^@^  Infrequent moderate drinkers1.23(0.63,2.42)1.30(0.71,2.36)1.57(0.91,2.71)1.83\*(1.04,3.21)0.94(0.56,1.58)0.87(0.43,1.76)0.90(0.24,3.38)0.23\*(0.09,0.57)  Frequent heavy drinkers0.71(0.22,2.33)0.41(0.15,1.12)0.52(0.23,1.19)2.07(0.86,4.97)1.86(0.81,4.29)1.02(0.40,2.62)0.56(0.09,3.46)1.64(0.25,10.55)Any tobacco use No^@^ Yes1.15(0.86,1.55)1.11(0.85,1.45)1.19(0.89,1.59)0.91(0.71,1.17)1.17(0.94,1.46)1.14(0.82,1.60)1.57(0.91,2.69)1.02(0.60,1.71)Body mass Index Normal weight^@^  Underweight1.00 (0.77,1.31)1.30(1.00,1.68)0.50\*(0.39,0.66)0.94(0.75,1.18)0.86(0.69,1.06)1.40\*(1.00,1.96)0.92(0.56,1.49)1.05(0.50,2.17)  Overweight1.48(0.90,2.45)1.21(0.82,1.77)2.24\*(1.57,3.19)0.79(0.54,1.16)2.14\*(1.57,2.92)1.40(0.77,2.54)1.36(0.63,2.93)2.63\*(1.38,5.00)  Obese1.08(0.62,1.86)1.13(0.63,2.03)2.93\*(1.71,5.03)0.50\*(0.25,0.99)1.34(0.88,2.04)0.95(0.50,1.8)0.15\*(0.05,0.50)1.66(0.85,3.24)Place of residenceUrban^@^Rural1.19(0.84,1.68)0.93(0.69,1.26)0.78(0.59,1.03)1.07(0.80,1.42)1.58\*(1.20,2.07)1.34(0.9,1.99)1.68(0.89,3.17)0.78(0.44,1.38)Member's sex Male^@^ Female1.78\*(1.31,2.42)1.39\*(1.03,1.88)1.40\*(1.04,1.88)1.84\*(1.37,2.48)2.08\*(1.65,2.62)0.70(0.48,1.03)1.62(0.85,3.07)0.37\*(0.21,0.66)Age group 18-29^@^  30--441.63(0.99,2.67)2.89\*(1.86,4.48)2.73\*(1.68,4.43)1.46\*(1.08,1.98)2.94\*(1.98,4.36)1.95\*(1.03,3.70)2.43(0.87,6.81)2.95(0.78,11.09)  45--592.16\*(1.30,3.61)3.19\*(2.06,4.95)6.67\*(4.08,10.92)1.51\*(1.10,2.05)5.32\*(3.53,8.03)3.12\*(1.63,6.00)2.94\*(1.08,8.05)4.87\*(1.29,18.41)  60--693.45\*(2.11,5.64)4.82\*(3.09,7.52)10.4\*(6.30,17.17)1.71\*(1.22,2.39)8.75\*(5.76,13.28)5.56\*(2.92,10.6)4.49\*(1.56,12.89)6.46\*(1.69,24.71)Educational attainment^+++^ No education^@^  \<primary & primary0.96(0.71,1.30)0.79(0.61,1.04)1.12(0.85,1.48)1.02(0.77,1.34)1.01(0.81,1.26)0.81(0.56,1.16)1.35(0.74,2.47)0.91(0.48,1.70)  Secondary0.79(0.51,1.21)0.90(0.61,1.33)0.89(0.62,1.29)1.34(0.94,1.90)0.81(0.57,1.14)0.67(0.38,1.18)1.77(0.69,4.53)1.13(0.46,2.78)  High school & above0.62(0.36,1.04)0.69(0.42,1.12)1.07(0.74,1.55)1.11(0.72,1.71)0.83(0.57,1.21)0.97(0.55,1.71)1.23(0.41,3.65)0.79(0.33,1.87)Wealth Quintile Poorest^@^  Poor1.00(0.67,1.48)1.01(0.71,1.43)0.80(0.53,1.22)1.43(1.00,2.05)0.72\*(0.53,0.97)1.02(0.68,1.54)0.80(0.39,1.63)0.90(0.29,2.80)  Middle0.79(0.55,1.15)1.15(0.80,1.65)1.05(0.71,1.55)1.56\*(1.08,2.25)0.77(0.58,1.03)1.09(0.72,1.64)0.63(0.30,1.30)3.09\*(1.00,9.56)  Rich1.06(0.72,1.58)1.01(0.68,1.51)1.17(0.77,1.76)1.28(0.88,1.86)0.73(0.52,1.01)1.03(0.67,1.58)0.61(0.28,1.34)2.02(0.70,5.88)  Richest0.47\*(0.29,0.75)0.60\*(0.39,0.93)1.27(0.80,2.01)1.12(0.74,1.70)0.54\*(0.38,0.77)0.79(0.42,1.48)0.50(0.21,1.17)3.04\*(1.11,8.36)Significant at \* *p* \< 0.05, ^@^reference categoryOther control variables are place of residence, religion, caste, and religious services^\#\ \#\#\ +++^ same define as in Table [1](#Tab1){ref-type="table"}^\^^ Infrequent moderate alcohol drinkers includes 1--3 days/month with \< 2 drinks, and frequent heavy alcohol drinkers includes 1--5 or more days/week with ≥3 drinksNote: Odds ratio presented in table are adjusted odds ratio and based on weighted analysis

The results of the logistic regression model of the symptom or measured chronic diseases by BRFs and socioeconomic-demographic characteristics are presented in Table [5](#Tab5){ref-type="table"}. Vigorous physical activity was significantly more likely to be associated with the symptom or measured based angina (OR: 1.55; 95% CI: 1.08--2.22), COPD (OR: 1.38; 95% CI: 1.05--1.81), and asthma (OR: 1.88; 95% CI: 1.30--2.73) than physical inactivity. Similarly, moderate activity was significantly more likely to be associated with asthma (OR: 1.75; 95% CI: 1.19--2.57) and arthritis (OR: 1.39; 95% CI: 1.06--1.82) than physical inactivity. Adequate intake of fruits and vegetables was significantly less likely to be associated with COPD (OR: 0.54; 95% CI: 0.30--0.98) than the inadequate intake of fruits and vegetables. Infrequent moderate alcohol drinkers were statistically more likely to report COPD (OR: 1.83; 95% CI: 1.04--3.21), but less likely to report diabetes (OR: 0.23; 95% CI: 0.09--0.57) than non-drinkers. The tobacco users were not significantly associated with the symptom or measured based chronic diseases. The higher BMI adults were significantly more likely to be associated with hypertension than normal weight adults. Similarly, overweight adults were two times more likely to be associated with arthritis (OR: 2.14; 95% CI: 1.57--2.92) and three times more likely to be associated with diabetes (OR: 2.63; 95% CI: 1.38--5.00). Underweight adults, on the other hand, were more likely to be associated with asthma (OR: 1.40; 95% CI: 1.00--1.96). Adults residing in rural areas reported arthritis more than those residing in urban areas. Females were found to be significantly more likely associated with angina, depression, hypertension, COPD, and arthritis; however, they were less likely to be associated with diabetes compared to the male population. Increased age was a significant predictor of the symptom or measured chronic diseases.

Discussion {#Sec8}
==========

In the present cross-sectional study, we assessed the association of behavioral risk factors with self-reported and symptom or measured chronic diseases in India. Our results indicate that there was a higher prevalence of symptom or measured chronic diseases than that of self-reported chronic diseases. A study conducted in low middle-income countries has also shown that symptom-based or measured chronic non-communicable diseases have a higher prevalence than self-reported chronic non-communicable diseases \[[@CR26]\]. Our study found that vigorous physical activity was significantly less likely to be associated with self-reported chronic diseases such as COPD, depression, and arthritis. Likewise, moderate activity too was less likely to be associated with depression, arthritis, and stroke. This finding is similar to that of another study, which found that regular physical activity was related to lower blood pressure in young and older adults \[[@CR12]\]. Physical activity helps in weight loss or reduction in total fat, which ultimately helps to reduce blood pressure and to control blood glucose by increasing the insulin sensitivity, thereby preventing Type 2 diabetes \[[@CR12], [@CR33]\]. Physical activity has been found to act as primary prevention against 35 chronic conditions such as metabolic syndrome, insulin resistance, pre-diabetes, non-alcoholic fatty liver, CHD, hypertension, stroke, depression, anxiety, etc. \[[@CR34]\]. However, compared to self-reported diseases, vigorous activity was significantly more likely to be associated with the symptom or measured chronic diseases of COPD, asthma, and angina.

The present study findings indicate that an adequate intake of fruits and vegetables is less likely to be associated with angina, asthma, and COPD. The assessment of symptom-based and measured chronic diseases also found that an adequate intake of fruits and vegetables protects people from COPD. However, the study also highlights that depression was more likely to be associated with an adequate intake of fruits and vegetables. Our study is consistent with another study that found that intake of fruits and vegetables might be inversely associated with depression \[[@CR35]\]. However, a systematic review and meta-analysis found that the intake of fruits and vegetables was positively associated with depression \[[@CR36]\]. For every 100 g increase in the intake of fruits and vegetables, there is a 3% decrease in the risk of depression \[[@CR36]\]. Our findings indicate that infrequent moderate alcohol consumption is less likely to be associated with asthma and diabetes, whereas frequent heavy drinking is associated with angina. There is a significant association of moderate alcohol drinking with COPD. Tobacco use is a significant factor of stroke.

Both self-reported and symptom-based or measured chronic diseases of hypertension, arthritis, and diabetes are associated with overweight and obesity. Underweight individuals are more likely to have COPD and asthma. A micro-level study conducted in Bihar found that alcohol consumption leads to weight gain, which is one of the portent risks of chronic diseases \[[@CR37]\]. Traversy and Chaput (2015) found in their study that recreational alcohol consumption may lead to weight gain if the physical activity does not compensate it \[[@CR38]\]. Contrary to this result, another study found an insignificant effect of moderate alcohol consumption on ischemic heart disease \[[@CR39]\]. However, the protective effects of light alcohol consumption, through increased HDL cholesterol, lower plasma fibrinogen, and inhibited platelet aggregation, may not counterbalance the adverse effects of high blood pressure and triglycerides on cardiovascular diseases \[[@CR39]\]. A study by Roy et al. (2010) in India found that protective physiologies like total LDL and HDL cholesterol, BMI, systolic and diastolic blood pressure, and fasting blood sugar were higher among alcohol users compared to lifetime abstainers \[[@CR40]\].

The current study found that both self-reported and symptom or measured chronic diseases such as hypertension, arthritis, angina, depression, and COPD were significantly associated with the female population. Females were less physically active, had an inadequate intake of fruits and vegetables, and were less engaged in alcohol and tobacco use than males. Our findings are consistent with other studies, which have found that females spend more time in accumulated household work and sedentary activities. They are busy taking care of their families and children and pay less attention to themselves \[[@CR41]\]. Alcohol and tobacco consumption are less prevalent in females because drinking alcohol and smoking tobacco may not be socially acceptable for them. By contrast, alcohol drinking is considered a social activity among males and is accepted as a form of casual behavior \[[@CR42]\]. Our study also found that the urban populations were less physically active than the rural populations. This disparity could be due to the less physically demanding nature of the jobs in the urban areas and the availability of mechanized transport and household appliances among urban dwellers \[[@CR43]\].

The study findings show that age was an essential predictor of both self-reported and symptom or measured chronic diseases. Adequate intake of fruits and vegetables was found to have elevated odds but was not statistically associated with the symptom or measured chronic diseases of angina, hypertension, arthritis, and stroke. Similarly, moderate and vigorous activity were found to have elevated odds of angina, COPD, and arthritis (symptom or measured). There may be some other factors too that determine health status. Other studies have revealed that consumption of high-energy foods and participation in little physical activity are results of abdominal obesity \[[@CR21], [@CR37]\]. A study by Mishra et al. (2009) found that overweight/obesity were significant drivers of increased metabolic syndrome and diabetes. Around 10--15% of the Indian population is believed to be overweight/obese, and this situation requires appropriate management for prevention from diseases \[[@CR44]\].

Limitations {#Sec09}
-----------

This study has several strengths and weaknesses. One of its significant strengths is that it used a nationally representative population-based survey data to examine the behavioral risk factors and their association with self-reported and symptom or measured chronic diseases in India. A key limitation of this study is that it could not infer the causal relationship due to the cross-sectional study design. For instance, the data on nutrition focused on the number of servings of fruits and vegetables in a typical day, but the serving size was unclear. Some previous studies have suggested serving sizes of fruits and vegetables that are below (90.9% population consumed less than 400 g/day) the WHO/FAO recommendation levels \[[@CR13], [@CR45], [@CR46]\]. Other studies have recommended more than five servings of fruits and vegetables \[[@CR13]\]. However, due to the cross-sectional study design and the unavailability of the second round of the SAGE data, this study could not establish whether the intake of fruits and vegetables increased before or after the onset of diseases. For establishing causal relationships, there needs to be a longitudinal study.

Another limitation pertains to the onset of physical activities. The study gathered information on the intensity and duration of physical activity during the preceding seven days, but it did not inquire if physical activity increased before or after having contracted a disease. Yet another constraint of the study findings is related to the fact that it revealed a much higher prevalence of the symptom-based or measured chronic diseases than that of the self-reported diseases. The information on some chronic diseases included in the symptom-based estimates (angina, depression, arthritis, asthma, and stroke) may not present the accurate prevalence of the diseases. For example, using a Spirometer is the most practical and the most widely performed test for measuring the lung function and the health condition and is ideal for the early screening of the disease \[[@CR47]\]. However, given its limited use as a screening tool, moderate COPD cannot be easily identified without the help of medical and physical examinations \[[@CR48]--[@CR50]\]. In addition, an accurate clinical diagnosis is not feasible for a large population-based survey \[[@CR51]\]. With all these limitations, this study provides the burden of self-reported and symptom-based or measured chronic diseases. There may be a higher proportion of the population that suffers from chronic diseases but remains undiagnosed \[[@CR26]\].

Conclusions {#Sec9}
===========

The study findings reveal that the prevalence of chronic diseases and their association with BRFs and socioeconomic-demographic covariates differ markedly when assessed against self-reported criteria versus symptom or measured criteria. The adequate intake of fruits and vegetables is less likely to be associated with self-reported and symptom or measured chronic diseases. The analysis of self-reported chronic diseases also revealed that physical activity is one of the crucial preventive behaviors that control and delays the risk of chronic diseases. Moderate activity is positively associated with symptom or measured arthritis and asthma, whereas vigorous activity is positively associated with angina, COPD, and asthma. Frequent and heavy alcohol drinking is not a significant predictive factor of self-reported and symptom or measured chronic diseases. However, moderate drinking has a significant association with the symptom or measured based COPD. Tobacco consumption is positively associated with self-reported stroke. Overweight is closely associated with hypertension, COPD, arthritis, and diabetes. The study findings are consistent with what other studies have found, and it recommends that public health efforts should focus on reducing obesity and alcohol and tobacco use \[[@CR52]\]. Overweight and physically inactive adults have a higher prevalence of chronic diseases \[[@CR53]\]. Behavioral lifestyle interventions are likely to help mitigate the extent of the overweight epidemic \[[@CR54]\]. In 2008, the Government of India launched the National Programme for Prevention and Control of Cancer, Diabetes, Cardiovascular Disease and Stroke (NPCDCS), with significant concern for preventing and controlling major chronic diseases and creating awareness relating to lifestyle behaviors. The present study emphasizes that the program should have a mechanism to identify those exposed to behavioral risk factors. Awareness regarding BRFs of chronic diseases and their prevention must be rigorously spread across the country through mass media and other means of communication with locally texted messages. Governments and NGOs should use strategic forums such as workplace, schools, panchayats, etc. to promote healthy behaviors and active lifestyles so that we can delay the onset of chronic diseases and reduce morbidity and mortality in the country.
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